We examined the effect of acupuncture on epileptic seizures in humans in a controlled clinical setting. Treatment was administered by two Chinese professors of acupuncture. Effect was measured by change in seizure frequency. Twenty-nine patients with chronic intractable epilepsy completed the study. They were randomized in two groups; 15 were given classical acupuncture and 14 were given sham acupuncture. There was a reduction in seizure frequency in both groups, which did not reach a level of statistical significance. There was also an increase in the number of seizure-free weeks in both groups, which reached a level of significance in the sham group. Thus, we have not been able to prove a beneficial effect of acupuncture in chronic intractable epilepsy.
Introduction
There has been a rising demand among our patients with epilepsy for information about acupuncture in epilepsy. Some try acupuncture on their own initiative, and some report a reduction in seizure frequency as a result.
The first known document on epilepsy in China appeared in The Yellow Emperor's Classic of Internal Medicine, written by a group of physicians between 770 and 221 BC 1 . Since then, suppression of epileptic seizures by acupuncture has been described in many publications, some in humans [2] [3] [4] , some in animals [5] [6] [7] [8] , but we have not been able to find controlled studies of the effect of acupuncture in patients with epilepsy translated to a Western language.
A breakthrough in acupuncture research took place in 1977 when Sjölund et al. 9 found increased cerebrospinal fluid levels of endorphins after electroacupuncture, confirmed by Han 10 , Pomeranz 11 and Wu 7 . Han 10 also documented a 33% increase in the cerebral content of opioids in rats after electroacupuncture. Both pro-and anticonvulsive effects of the body's natural opioid peptides have been reported 12 .
Thus, both practical experience and theoretical considerations suggest the possibility of a beneficial effect of acupuncture in epilepsy.
The aim of the present study was to examine the effect of acupuncture on epileptic seizures in humans in a controlled clinical setting, administered by Chinese experts.
Material and methods

Patient selection
The patients were recruited from the outpatient population of the National Center for Epilepsy, Norway, all of them suffering from chronic intractable epilepsy. Thirty-nine patients entered the study. Inclusion criteria were: adult patient (>18 years) of both sexes; duration of epilepsy more than 2 years; a verified diagnosis of epilepsy; partial or generalized; one or more seizures per week. Exclusion criteria were: non-epileptic seizures, alone or in combination with epilepsy; inability of patient or family to co-operate, and progressive cerebral illness.
Acupuncture technique
All patients in the acupuncture group were needled in the following acupuncture points: LR3, LI4 and GV20 13 . In addition, one or more points were often chosen according to individual traditional Chinese medicine diagnosis. We used Suzhou Hwato acupuncture needles with diameter 0.30 mm and length 25-55 mm. Stimulation was given until the patient felt 'De Qi' (needling sensation). The needles were inserted to varying depths and angles, and were stimulated by manual rotation or electrically, 3 HZ, 3-20 mA depending on the patients' level of endurance, using a standard transcutaneous nerve stimulation apparatus with the needles functioning as electrodes (Elpha 2000-Danmeter International AS, DK-5210 Odense, Denmark).
The comparison group were given sham acupuncture. Patients and attending neurologists were blinded to the treatment given, acupuncturists and interpreter were informed. Patients in the comparison group were treated by bilateral needling of the same three points: sham point 1 (S1), 2.5 cun lateral to the umbilicus, sham point 2 (S2), 3.0 cun above the midpoint of the patella, sham point 3 (S3), 1.0 cun distal to the midpoint between LI15 and TE14. (Cun is an individual system of measurement used in traditional Chinese medicine, familiar to acupuncturists around the world). These points were chosen on the basis of minimum expected effect. All the points were needled with sterilized Suzhou Hwato acupuncture needles with diameter 0.25 mm and length 13 mm (0.5 cm) to a depth <5 mm (0.5 cm). Minimum manual stimulation was applied to the needles and no electrical stimulation was given. The treatment time in both groups was 30 minutes. There were three treatment sessions per week for 7.5 weeks with a 4 day break in the middle.
Study design
The study consisted of a baseline period of 8 weeks, a treatment period of 8 weeks and a follow-up period of 12 weeks.
The patients were divided in two groups by fourblock randomization; one acupuncture group with 18 patients and one control group with 16 patients. The treatment was administered by two Chinese acupuncturists, both senior staff members of the Shanghai University of Traditional Chinese Medicine. The treatment followed the methods of this university. All patients were diagnosed according to the principles of traditional Chinese medicine. One of five diagnoses was given to each patient.
Effect of treatment was registered once a week by five attending neurologists. Effect parameters were seizure counts recorded by the patient, and/or relatives, daily throughout the study, and EEG recorded during baseline, at the end of the treatment period and at the end of the follow-up period.
Informed consent was given by all patients. The study was approved by the regional ethics committee. 
Statistical analysis
A rank test was used for the test statistics.
Results
Thirty-nine patients entered the study. Five withdrew during the baseline period because they found participation inconvenient. Five patients had changes made in their antiepileptic medication because of frequent seizures, three in the acupuncture group and two in the sham group. They were withdrawn from the study. The two study groups were comparable (Table 1 ) with respect to number of participants, gender, age at the time of investigation, age at epilepsy onset, duration of epilepsy and seizure types.
Seizure frequency
In Fig. 2 , seizure frequency relative to baseline values is presented. A reduction in relative seizure frequency is seen in both groups during treatment and follow-up, lasting beyond the end of the study, and a difference is seen between the groups during treatment with lower relative seizure frequency in the acupuncture group. A comparison of the relative seizure frequency between the groups gives by non-parametric testing P 0.38, which does not document a statistically significant difference in relative seizure frequency between the groups.
To evaluate the reduction in seizure frequency from baseline to follow-up, we have grouped the patients according to response to treatment ( Table 2 ). The P ≈ 0.8, which does not confirm a significant reduction in seizure frequency from baseline to follow-up. When we subdivided the whole group into three groups (seizure frequency <5 per week, 5-20 per week and >20 per week), we found a trend with more seizure reduction during treatment and follow-up in the low seizure frequency groups, approaching the level of significance, but the groups are small. The number of seizure-free weeks increased during treatment and follow-up in both groups (Fig. 3) . By non-parametric testing, there is a significant difference between baseline and follow-up in the sham group (P ∼ = 0.006) and a non-significant difference in the acupuncture group (P ∼ = 0.08).
EEG
EEG with automatic spike detection was recorded at the beginning of the baseline period, at the end of the treatment period and at the end of the follow-up period. No significant difference could be demonstrated.
Side-effects
A number of patients reported side-effects of the treatment, such as changes in the sense of well-being, sleep, bowel movements, micturition and menstruation as well as nausea and vomiting, but no serious side-effects were reported.
Characteristics of responders
Attempts were made to find factors statistically related to response to treatment. No statistical correlation could be found between positive response and the following factors: age at investigation, age at onset of epilepsy, duration of epilepsy, level of education, vocational level, IQ, Millon's diagnostic categories 14 , traditional Chinese medicine diagnosis, subjective wellbeing, sleep, or weight. Discriminant analysis of a combination of factors failed to produce a model with a stable predictive value.
Discussion
We have not been able to document a beneficial effect of acupuncture in epilepsy. A reduction in total seizure frequency did not reach a level of significance, while there was an increase in seizure-free weeks in both groups which was significant in the sham group. A significant increase in seizure-free weeks without a corresponding reduction in total seizure frequency can only be explained by a clustering of seizures.
All our patients suffered from chronic intractable epilepsy with a mean duration of epilepsy of 26-28 years and our findings may not be representative for more benign epilepsies. Also, the small sample size in our study may have given us insufficient statistical power to detect changes in effect parameters.
A major problem in acupuncture research is to find a suitable control group. We had to choose between the following: (1) no treatment, which means little placebo effect and difficulty in motivating volunteers for 35 consultations; (2) alternative treatments, which would introduce complex effects; (3) surface electrodes without the current connected. This would be perceived as being different from acupuncture by trial subjects with little motivation and placebo effect to be expected; (4) needling sites away from the classical locations, and slight stimulation referred to as sham acupuncture. The complexity of this problem is discussed in a review of 28 controlled studies of acupuncture 15 . We chose to compare true acupuncture with sham acupuncture to test the importance of puncture site, needling technique and method of stimulation.
Our finding of an increase in seizure-free weeks in both groups, but most pronounced in the sham group, does not support the concept of the specificity of the technique. Similar findings have been made in other fields of acupuncture study 16 . It has been suggested that any therapy which involves puncturing the skin is likely to promote release of endorphins.
No serious side-effects were reported by our patients. Other authors report pneumothorax, HIV, endocarditis, lesions of the medulla spinalis and hepatitis, but such side-effects are clearly due to inadequate technique 17 .
